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SAME 

(57) Abstract: 

PURPOSE: A method of crystallizing an amorphous silicon is provided 
to reduce a crystallization speed by making a pattern of a laser beam 
with multi beam and processing a crystallization by use of a sequential 
lateral growing technology. 



CONSTITUTION: The method of crystallizing an amorphous silicon 
comprises the steps of: providing a plurality of laser beams spaced 
from each other; providing an amorphous silicon thin film crystallized 
by the laser beams; first illuminating the plurality of laser beams to the 
amorphous silicon thin film to lateral-grow silicon grains at a portion of 
the silicon thin film exposed at the first illumination of the laser beams; 
shifting the place of the laser beams for the amorphous silicon thin film by a predetermined first pitch; and second 
illuminating the plurality of laser beams to the amorphous silicon thin film to crystallize the portion of the silicon thin film 
exposed at the second illumination of the laser beams; and second crystallizing by a sequential lateral growing of the silicon 
grains grown by the first crystallization. 
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(54) £EL|3 


0|# 0|#& ^H^X|^EH*i|2L^j 



£ USS £J£|£ ^# SS*Wfc 0|@ 0|§oh b^e^A^E) X|2&H0|| £^0|X^o| ^ ° C ^gJ£ £ 

-rt**Ka, £^S£#7|#oi| s|& agst* fl«*fe ^H^, :£g2| ^ji ai^s^ ^7H2| Bi|0|^igJM nhe*fe e*l 

*K £PI sllol^gjoll s|*w £gS}5J b|§g ^E-l^ ^|°|# nje«te EMI «h #7| *^7H£| qo|x|U« £p| u|3£ £J£|£ «|^o|| 
1*1- sa^ch ai|o|xi«js| ^ ^a^i Aj£|£ ^oi| ae^Jt *fl«SW*lfc *i| 1 394- EMI<4, a|*!§j 

AJB.|^ X{| 1 «J|t£? *i| 1 7HE| e># 0|#A|7|fe cf7i|a^Ak 7 | b | SS Hi-ofoU AJ7| s^ 7l jo| y|0|Xi*j^ 2 x(- =EA^<H 

£PI S||0|*igj£| 2 ^ ^A[0|| « « o 3S4*H?I=I. M 7 | M\ 1 oj^Oi Aj^sj A]£|So| aB| |o] 0 | ol^^ 

^S-SfOi 0|^0iA|^ M\ 2 eM|# atfW, ^|a|& «|°|oj| c^7||o| a||o|xigj# A^^o| SLS 7|£§ cn^^ 

AjaiS b|^ # aging ^ Mfc £S ^£# f^Wi « McK 

^JF-£ 
&W1 

£ iefl^fl2#7|*o|| s|&4|b|S ^a|°| a«a|-SSo|| a^sj^ anoix-l cnyu S*| 
£ 2a^&i £ 2c^ #£HS| 7|#o|| ixfB ^a|s ^o^oj 

£ 3^ * q 1 £JA|oi|oi| ixfB ^Je-I^ £%zlo\\ a^sj^ s^|o|^gj sgg ^a^§ d^h 

£ 4a^Bi £ 4C^ S XQ 1 ^JA|(^|0l| DLhB ^§£|. 

£ 5a^&i £ 5c^ « fl| 2 ^Ja|<h|o|| ix^# ^Ja|3 b|a|o| 

£ 6^ S ^S^l x|| 3 ews| ^S^oil A«s|fe b||0| Jlgy n}|g n^a 

£ 7^ ^ ^S^l fll 3 ^AjoilcHI ccf# ^Ja|s ukp|o| 

£ 8§ * aaa| $ S>SS| n 4 ^JA|01|01| CCf^ b^oj ^§sfoi| A}-§sj^. b||o|x-|bj mi^H 

£ 9™ ^ ^g£| * Sfg£| fll 4 ^A|oi|oi| ccf-E- ^S| 
£ 10a^Bi £ 10e^ * ^go|| ci^B ^H^Xj^El ^|^gS£ 



£ *JB| = ^# ISSfo^ ^o|| 5jo^ > m S | 01*^3 ^(Sequential Lateral Solidification, 0|* r , SLS 0|4 ») 

7|£0(| oj^oi AJ£|^ tt^Bt* C^^HSI ^|0|Jiy# AtStfo^ g^A|^# &H^|?|^ aj^s 



£-£|7|£:a r £0| X\q<gg 7 |nf ak>1| T FT# XH|£Eop| ^ r 0i TFT^I |^§2£ jf^ c^g aj £ |3 tn^s. 7| 

& ^oi| g£ e>ch b|§^{ uh^s ?} j£|oio| 0 |^E7 r ?$Jl t >Ja|£ e|s^ tj^cia|(grain boundaryp r 

^g(random)^7i| *|*|s r 7| tU|£oi| qt^o|>: tJ°| £^ Slcfe- £*|£j0| SIch 



^E|7|^oii c^S ^Ja|£ S^oRr ^l#oi|^ (1) 7|# c^g £J£.|^# IH^oiH VH, (2) 7|£ a^j »l 

22 £J£|£ §^oU, 600"CSH^I ££oW ^^^S^fe (3) 7|£f ^oj| £J 

a|5 ^1- «I3§ ^o|| aH|0|xi o|§^ o^ £ | y H s 0 | °ic r . m 7) (2) - ^ ^g 0 | 

£?sp| lOi^oll ^£|7|^o|| ^^o r ^|oi|^ O)s|g0| ?jch o|cH| *}*H 7|£ (3)€- g§0| £^£|x| g>7| rxH ^cH| ^£|7|#o|| s 
£U ^ 21m, >-«^oi| m±m °J^z\ c^S Aj £ |3 ^ah 0 | 7^ r ch na-m (3) °4 

A| t tSU^ TFT ±*f *H*| f 0)}, ±X[^} *j7|* £££| ^A|?|^ c^a 7^|H o. cK 

o|^°f sfj^spl ^l^Ai^ ^SU^I^I o|o|^o^ 3c^7-|q. ±x^o ( xi |^ 0 | a^sjoi *| ch 0|CH| 

cue 1^0;= SLS 7|£o|| ai^Oi ^&PI#o|| tfSS £Ja|£ 8gft}£ 7|#(Robert S. Sposilli, M. A. Crowder, and James 

S. Im, Mat. Res. Soc. Symp. Proc. Vol. 452, 956-957, 1997)0| fl|2hs|2cK SLS ?|^€- U^-IB Zia||el0| ^Ja]^^ 

&n&o\\x-\ zl S Til ^ ol| cH^oi #9£S«S!Wfe A^g- 0 |S& 3d°S, i|0|X| <H|L|XjS| H7|£h mo|x| gjs| 3£ 
0|^^S}1§M| Sl^Oi Aj aj a ZL£i|el#^S^I ^0|e.^^S^SA||jo^ Afc|i d | §S A| £ |a «|o| # ag^fe 7|# 

0|Cf. 

sls 7isft A»*j7| flfi afloixjgjoj mi^e £ ion E^ioixi cny § s*ioii oj^oi flism- ^ act. 



^£l(10)0Ui 7^S|X| StS BflOlXlHS Sr^A|?|ai, O]E0^Oj|O|EH(attenuator)(11)S W>\fi i\\0\X\m2.\ 0\\L\X\ H7|^ 
21, ^^(focus lense)(12)ol| s|s^ «^0| o^s|o) Mfe □ r ^H(mask)(13)e 5^a|^ a|0|x|BJft 

JflEiaecK 0|fif S0| S^o^ 2||Eiyi! B||0|A-igJ# 0|n|g ^(imaging lense)(14)5 »2jA|C *, 0| 

S ^N0|x| (translation stage)(15)oi| ^| *| e> a|§^ ^J£|^ ^Bt(19)o|| SAI-^DI!, ^ aij Hz^l ^#5. BH^iS ai|o|x|fflf. 
s|at(19)0i| °o^2£ £!U3 r oj Bi|0|x-j SS&^k o|^^ £S (18-1 )(18-2)(1 8-3)^- ^|0|xi 



SLS 7|#^ o|^*h 7|## £ 2a^£l £ 2e^ &ZL°\ol c^gnj- ^ck ^ 2a £ 2e-b SLS ^ 

goi| Aja|s di^o, agsJ aj-eji-s. aoi^^ EBOW. 



!T 2a ^ ^^l-el, ^^0|| H7|£| Liu|= 7fx|-^ h||eHs| B|0|X1H£- 1 ££A(-^q 0 | Dfl, aj| 0| x-j hj o| 21 

ArS ^2.1^ ^ 01|L1X|0| £^| 0 |Xi# g^£hCK 



afloixigoll ^Ja|^ §S^! ^, asafflc|. o| cm, h|aj^i o^o^| Aj a |^ gajpi 7^|^o^o]|A-j aj E |^ 

na^s| ^a^&o| aijsicK aaflelsi ^S^&S 4f7| 74IS3ol| qi^o^ ^^h^ ^oithch ^a|s §§^q^o| l-j a|cH| uf^ 

^ 7i|°jo||Ai Ajxi-e zl^|o|#o| ^a|^ §§^^a| ^«^o||Ai §f^4, ^Ja|s §§^o^o| ^^«i|#o| 
n^sjoj «a| cHtfajoa □ | a\\ ens ^^l^ %x\mo\ §^£joj §x|3^| 8ch £^^2(21)^- b|o|x|bj 

fi| 1*teA^^s nB||o|S| ^^^^0| 0|^o]aj ^EftHJi, (20-1 ai|o|x|gjo| foil d|jm| 

c r ^S ^JaiS 



£ 2b^ £i|o|xi«js| ix|- ^a^i oi^oiAi a^|°]H| ^^^^o\s.c\ ^7\\ b|§g ^a|^ o|^A|^A-i an o| 

xiUS| 2*r ^A^# tfAlftct. 

^lojxia^l 2a|- iAfo|| ^a|^ J^^e f , ^S^cK o| exH , 1a| 3£A|- ^ji|-s. ^^(21)S| ^ 

n«MI£!0| ^-§^oi Aja|s §^Q^o S n^|o|o| ^^a^^- xj^s^ D |^g £°^5(22)^- siloi^gjoj 2 * r 

SA^nf ^|o|A--i«jo| 1Xr 3£A^ cfag ^Ja|§ ^m2l)s| naflejoi ^S^^sW o|^oi?j c^g ^Ja|^^^# u^q 
(10-2)e al|0|x|Ha| 2x r 2LA^ foil ^^^j 0 |a|| c«§ £Jel|£ 4E^j C K 

£2c# S3E*^, bffif ^0|, b|SS ^J£|3 HWfcOlSAlJia, BflO|X|B|«£A^ a IS^ ^J£|^ ttf°-tt §^a|?|32 a 

SSr*fe BS# ^JA|^oi ZLi\\o}^ £%o\ 37|s ^^A|fjcK £ga 4iss| H7j^ ^^AH^ A |f_i as}s| a 

SSrS ^£15 ^(25)# HOiffiCK 



Of£r S& ^HH^I SLS ^|#^ A^£h A|a|S a^o| £3*r 2i|0|Xi«Jo| d}^^ ^|0|Xi CHJ M X| ££^- a^|o|x|«j o, 

oil tffecK zls)4 o|B|^ o_±^ n\om oiy ^«|s| c||S5js| ^ai^ ^# SSS r * r 7| fl»S8^£oll ^1 

Eh# SC*. ttf2 r Al a^S r ^# CH^^ohol Bfi«fcj. £££h, #S]|o| 7|^0|| aj £ |^ ^§^0||A-|^ ^QjAj 

^ tfiS ^J£|^ ^jA^e}# S^a|7|7| lOi^oii a^&h ^§s|5.o| ij^of^ #01 U#ck ccfaH, S -feJal^r SS ^ 
ggJ^rS ^r^l^- £J*I£ u r^o| Hfl^r-K 



* em. 

£ chS ti^S^S- 7|#ol| 2.\%\0\ ixf^ fJa|£ ISW, 23*1- a^ojxi C^A| oj- 

Si 1 5|0|^o| g^gAjXh 7|t# 2g£|. 7|£ #0|| D^S *J£|£ 3g^3j *fe ^0|CK 

* ttgo|| ccfB «W2| 994 tffle ^S^l ¥H tJH^^i^ ^^U^l a|o|x|BS of^ofe EMiah £PI B||o|x|e|o(| 
s|*ho| b|§s fja|£ dh^ # o^sKz- EMI**, 4PI ^^7H£| bho|x|h* £p| bigg >ya|a a^^oii 1* 2=a^o=I 
alioixiasi m £A^| i^sj Ajajs ««o|| >Ja|£ nail »a| 7| ^ xi| 1 aa^E^llfif. £PI £Ja|£ s|st§ *H| 1 

H J&OS *Q 1 7 -|a| 0|#A|?|fe. ^|9-K^7| H|£*J AJE|^ HtSfOll A^| S^7HP.| &||0|XHg|# 2*\ SA^Oi A^ 7 | ^|0|X^°| 2 

*} £EA^oi| £Ja|£ £SSWa|?|s|, £PI *l| 1 aBSfoil s|«W hb||£]o| ti£r*fl4j§Woi o\^o\x\ 

^ n 2 a sat ^nm oi oh, &7| *h 2 asai- e^i ^ a aoi, # 7 | ajbis «|d^ thi 1 «^o S 

^7| X|| 1 7-|£| 0|#A|7|H, ^7| b|§fj tajo^ & 7 | el|0|Xi*j# ^AfofOi d|*j*j AJa|£ «JSf ^S^W*!^ 

2^ if ^| ais^j ^j£|^ ^S^K ^7| b|§^ £JEL|^ ^a|Oi| ±sa| ¥^ «H^^-& ^^7H^| 

alloixia^ a»«h>I 7|*o|| s|tw b|S§ ^a|s a«4«^ §§4, ^7| ^p|# a^^i 



o|*K e «So|| ccf^ ^Ja|s gS o|| A^sj^- Noixi^e i 1°IH s^i SLS 7|*o|| A^s|fe aj|o|xi oiyi £K*|o|| 

s|^oi a nHt!o| ohSScK £ 3^ S V9S| *l| 1 £|A|oflo|| ccf# ^£|^ ^S^NI Af§sj-^ a|o|xigj nH^H ^§ p^a# 4^ 
edoioi, £ 4a £ 4c^ ^7 1 D^ai A^^oi b|§s Aj £ |a «|g| # ^SS^ £ ^^l *1| 1 4|a|o||# 4EMfe ^SSf 
Hoick 

£ 30|| fl°J ailoixigj nun a^H^ ^b|^n^^ 7 ^|^ 7|^(31)o|| ?J a^oj^ g^Ji|.g^(32)0| ufl^sl 



£ 4a# #5^, b|§fj Aj E |a b|Q|o|| £ 3CH| d^3§ §^^0i n«Eiys| a||o|x|g# 1*1- ^\^\. 0| oH, a1|o|xi«j^ £ 
30i| hoi Dj-^aoii Hj o^oi c{-^7HH| M0|x]aj°S ^B.|S^K ^, ^4£| ai|0|Xia^ c^^H^I ah^lS^si naeoi a^sj o^a(30) 

# #^A|^ D^7H^ ££|A|£lD>. 0| Bli, Bj|0|Xi^jO| £A[Hj XJ« §§A|^ ^ o.# g £Sj §^ohOi|LiA|# 7fXj^ 

s^o|xjgj# u|gg H|g|oi| £ A[*jc[, 37HS| 37H^| a||o|x-mo| b|§§ ^a|^ 5Af*[ a 



£i|0|Xi«Jo| 3£Ah0fl o|§H B-IS £flO|XigJ2| 2A ^| °|^ ei|0|Xi 0||L1X|0| g^ 0 | §^ ^I^ ^ H^£j 

^|0|xigjo|| i^£jx| 2y b|§S ^J£|s °J°^^ g7||°j0i|Ai ^^o^ ^J^SJ^ m\\o±o\ M^ 0 \ <^o] 

ZL^|°J°| ^^^^e (1) ?,M|^o||Ai Aj^ a£ ]|o|^o| 4|aja ^ojo^ ^o\\a-\ (2) £Jel|3 §°oj 

lS^#o| aj^ ^^^| n^sjoi #a| c^o^ D|xi| Aja|E ?i^#o| 3*j£ioi g^0|| ^X|^7i! 

S|CK «H^| ^!0|XigJ £A[£ ^1- ^ 01- n^leJSl ^S^^0|^ Aja|3 ^0| ^Aj S 7 |^o| aje|3 mn|o| ^7H|Q|| 

CfSCf. o|^^ £ej*2(41)e £<|0|Xi£j£| 1x^A[i4£ ZL^|°]S| ^^Aj^o| 0|^CH^J C^S ^E.|S^^« 4EM2, 
(40-1)e B|0|X|HS| 1* fxlAf- *0|| ^^ij D|Ai| C«S «|B|Sfl4ft4Eftil4. 

£ 4b^ &3E^S, a||o|x-iHjs| 1x1- sea^I ol^oi^l ne||ojoj ^^^^ ^ 0 |S4 ^| u|SS o|^a|^ah i\\ 

o|xiBJfi| 2*1- 3£A^ tJAI^ch o| BR, B^ioixigjoll ^ e a ^ §§sjcH ojjAj. Ajajaoi sj^K 

^|0|x|ejfil 2*t ^[o\\ °m §§g fjai^ ojo^^ a||o|xigjfi| ^A^oj| E <|o|xj o||Lix|o| m 0 | ^oi|^ £ ZQ^s^ 

CK 0| [EH, 1*1 3SA^ ^M£J Ajaj^ ojo4( 41 )o| a ^|o| 0 | AA| £^ 5^*W Aja|^ ^^ojo^o^ neflo|o| ^^j^^s. 

7i|^SSj£.^K Q|^S Ha*fi(42)&a||0|X|Ufi| 2*h2Aj gshs B|0|XiBJ S| 1^££A^S^S C^S ^^l^ S^(41)S| Mfi 

o| 4fl«9«ot oi^oj^j cm a tJ£|^^^# (40-2)e a|o|x|HS| 2xF */+s S-^^! nW cfg« tJ^I^ 4^ 



£4C# SS^e. ^S^UWaOl. b|^S tJBl^ ^#0|#A|^|IL. £||0|Xi^# iA^Oi d|§S #^A|7|H^ 
^|A|^0i ZL£|°J# ±%S>\ H7|^ «x^A|acK ^S| H7| 0^|# #0i , ^|0|Xi^H(- ^|0|Xi^ A|- 

o|£| Z}^ tJ£|^ m\\o\^ ^3 Aj^A|^i Aja|^ e|a|# MO|^ck °I^S! (45-1 )(45-2)(45-3)^ c^7Hs| ai|o|xiu 



zmoll o|^oi g4^sg»o| zm ol^oi^j c^S go^ f q^LjcK 

#7| £U|oi|oi|Aio, fi c+^7l|fi| B|o|xm« #a[o|| A^q b|*jg Aja|£ ags^p| unroll a||0|Xifflo| -olj b|ei| 

m a|3H ^a|£ «m* 12» ^§A|e>^ 04A|U ^ ^cK * 4o|x|U* n ^H^ fia|«tO) aaa}sTC* 2! SI 

a*oi|fc*ms| ago|x|g|*At*«}o| aga}sre* S«l«tfe *ei|£| 7|#oi| u|*M n«H^I SS^E • * AW. 

£ 5a^&i £ 5c^ £ XH| 2 £JA|oflg fige}7| flfi- £S2£, ^S^l q 1 Aj A |o*jo|| Sioj «W «0|, £gs| 

ofl# moi, q 1 g»( I )££ na{|eJ# ^^S^Aj^ ggfictas «ai5o|| fl#o| 90E5. u^g q 2 tf»(ll)SS cfx| a ail 
o| # 04^^04 ah^aj^ asaf&5S£0|cK 



£ 5a# £ s*g£| XH| 1 aja|o^|cH| fi|*W q 1 I ) ti4^gg*H^ ^AH^j aj £ |3 «|o|-o|| 1 ^4 

£r ^*J°J x(| 2 SteKlDSS. aflO|*iB(59)* ^H^ZW £Ja|^ = *J^4. & tfgs| *|| 1 £JA|oflo|| A\&s\<3&& d^H(E 

30i| 90E S|SA|^ fl^O| 90E£. Uffl NOIXIH Hfl^ DhBtt T a«0|X| SAf gulf, Ei|0|Xigj0|| 

£ * f 2£W8Ch *mO\\M «mS| ZJ ZLBj|o|Ol|A-) A|5|H|^. ZLafl°J°| fl^gg^O! SflacK D|^1S EE ^2 (45- 

1)(45-2)(45-3)fc &#&h£ H 1 tfA|o||ol| c^7|fi| a|o|x|gj zmoll ti4t4ti#9o| zm o\^o\*\ cfag 

£ 5b# £ q 1 ^A|oj|cH|Ai ^gsi- d ^ ai|o|xiU# 2A^IL agst*h= *f<*f- £Ja|£ ne||£]2| 

°J^^^t a«W nell^S c) «SA|ficK o| on, Aja|£ bho^oii q|e s||0|A-igjo| oi^^^e Ai| 2 

E 5c# »2*|-E, £i|0|Xiasj SAPI- ^Oij-^ <q-<q-£| aa^OI ^^^^Oj 2{7|^o^ ^jAj cj-^w aj £ |^ ^o^(Q)^ 

§ ^ oi cK o^ BWi 7 |g gx|£ 5 Aj^js na^oioj eq«ffe ^^Sf^ Aj £ |a e|^#<^oiy ^ ?icK o| ^^o|| $ ^| 
1 ^a|o(|o|| 2|^oi 1§^J ^ajs ^Bto|| d|s^oi @ tfaia aa^iei# S^tt ^ a^. 

£ 6€ ^ QgSl M\ 3 ^AJOilOll LtltB ^AH^oiJ AfS-Sj^ E^O|X^ ufErtJ ?iO|l, £ 7^ a^ 7 | D^B 

M A^o^Oi b|§S A| B |a ^ah^sj- ^ ^goj q 3 AjA|oi]l- L i E Nc ^S^£0|cK 

E 6(H| M°| z\\o\xi& njj^i a^H^ 7^|^ 7|^(61)oj| ahel« ^^^i »W8^(62)0| zj- ^&o)| 

ai|o|xiMj# A^ 7 j d ^h# §2H?j ^^^H^ Mg^ d ^^^ SLS 7 |go|| a^s^, £ 70jj S oj 

«W ^a|^- na||el^o| -ff&J^H^ un<*£! ^^sj 7 |^# ^ °jch a^ 7 | o^aofl a|*h&| uH^S b|o|x|8I* 

H 1 ^o^dj. n^|°J# oj^^^Aj^Ai^i g^oi|^ zi ae||ojo| cms 7|^oi| ^ah^ - oi I1> av 7 | d ^ 

aoi| o|3foi 3H^sj aiioixigj^ A^^oi aH| 1 «J§£S aa||°i# ^^^Aj^x|^j ^ ( Ai| 1 a^oii 90E «^o| dHQ q 2 

Zl^|e]# O^^^AH^A|^| ^^0||^ €j7|AH S AJ £ |S O^O^ (Q)# 7|^0l| ^AH^ - O.CK 

MB «W tfoi s ^Soi| cc[^ ^ai^ «fB|s| g§5|- 7!#oi| a^s|^ c^7Hh| afoig 40|xm« d^h n«idM ois»ck zzei 
4, o^H# oiS^x| atji, ^|o|xi ojy §*|oi|Ai d|£| ai|o|^gj# c^7|s. fta|» ^, ^a|^j c^7(s] Bi|o|xjgj# a^^ ^ 
7|£|- SLS 7(#o|| ej^oj ^a|^ ^|^# ^ gicK £ 8^ * x| 4 ^Ajoi|oi| ccfB £]a|s ^§^oi| A»s|fe ail 

OlAiiJ nil£ «««o^a« 5i0U, E9^^7| a[±^ M**W ^a|s «kd|^ aash&S ^| 4 fJA|oi| 



E 8o|| ^oj aij 0 |xi«j nnn ^a^§ q^h^ 7W £ 7 |^(81)oi| ^40|^O! °i^^o^ ^^sjoj # bio, ^^4^ 

^(82)0| 4iSoj Tj^o^ |j||«5|0| SICK 



a^|o|xiy# Ak 7 | o^h# #nl-A|^ ^^7H£j 7^^^ e(|o|x|Blo S ga| gj. ^ t ai-^^ 0 ^ SLS 7|^o|| s|oh^s^^ §#s 

s«Ffl, s. 9011 aei ^-g- eas ^a|s a^ienooi bH^sjcn 7|^# □hen- ^ sac*. 
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